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6PEaRCATION 

Processes and prodiiatsfor reproduefng li^dif- 
f ractlng pettems 

5 

This invention relates generally to the field of light 
diffraction patterns, such as holograms or diffraction 
gratings, and laspedffcally concerned, although not 
rastrietedf with a method of machine application of 

10 hologramsto paper and other substrates. 

The construction of ao-caiied "surfsoe relier 
holograms have been described by a number of 
autiiore. Including Bartolinl, et aU whose paper 
appeared In Applied Optics, Vol. 9, No. 10, in October 

1 5 1970, pp. 2283*2290. This same paper descrf bes 
methods of creating from photoresist holograms, 
nickel stamping dies which are subsequently used to 
emboss holograms Into plastic sheet material. The 
methods of holography embossing, however, are 

20 not restricted ss to technique, and one <;an use 
conventional embossing plates or rollers. 

This Invention alms to provide a technique for the 
application of certain thin, fragile embossed material 
to suitable substrate. The sut>strate can be very 

25 textured, and flexible as, for example, with some 
papers. The ir^vention includes a technique which 
provides easy handling and machine processing of 
these materials by the use of a carrier web. This web 
may be manifested as rolls of material. 

30 This Invention thus permits the creation of docu- 
ments containing gratings or holograms which are 
tamperproof by virtue of thelrfragllity since they are 
destroyed by attempts to remove them from the 
document or other substrate. 

35 The Invention provides a readable llg ht diffracting 
record oomprfalng a substrate and a transparent 
layer attached to the substrate and having Its surface 
neerestthe sul>8trate reflective and formed into a 
light difTiacting pattern. 

40 The Invention furtirar provides a prooesafor 
making a readable light dlfhra^ng record compria- 
ing preparing a laminate material Including a sup- 
port layer and a transparent layer wHh the surface of 
said transparent layer most distant ftom the support 

45 layer reflective and formed Into a light diffracting 
pattern, adhering said patterned reflecthre surface of 
the laminate material to a substrate, end removing 
the support layer. 
The processes of making a hologram or diffraction 

50 grating according to the invention may begin with 
the making of a die having in Its face a light 
Interference pattern In relief. In one embodiment, 
laminated sheet material Is prepared for receiving an 
embossment of a light diffracting patlem.This 

55 laminated sheet material Indudee a support layer, a 
release coat covering the support layer, one or more 
layers of thermoplastic material overiying the re- 
lease coat and less sensitive to heat than the release 
coat, and a layer of foil, preferably metal, less then 

60 1000 Angstrom units CA) In tfiickness and bonded to 
the surface of the themnoptestic isyer opposite to the 
release coat 

The die Is then Impressed Into the foil and the 
adjacent thermoplastic layer to form an embossed 

68 light diffracting pattem therein. The embossment 



may be deeper than the thickness of the foil. The foil 
Is ttien covered with an adhesh^e layer. The lamin- 
at0d sheet material Is then Inverted and pressed 
egalnst the flexible substrete, e.g., paper, by a 

70 suitabte pressura plate. This causes adhBsfon of the 
fbil to the substrate and a separation of the support 
layer from the layer of thermoplastic material, due to 
the melting of the release cost. This adhesion and 
separation occurs only In those areas beneath the 

76 pressure plate. In other areas, the foil and thermo- 
plastic layers are retained in oontactwfth the support 
layer. When the support layer is lifted from the 
substrate, the foil and thermoplastic tayeiB fracture 
along the edges of the pressure plate, so that what is 

80 left on the subatrate is only the area, Indudlngtiie 
emboaament which wae beneath the pressure plate. 
This process is simliar to hot stamping. A major 
differeneef of course, fsthe step of pna-embossing 
the leminated metariai vMt very thin diffraction and 

86 holographic patterns. Considerable care must be 
taken to preserve these patterns f n this eppllcation 
step, and In selecting suitable release coet, thermo- 
plastic, and reflecth/e materials. 
The thermoplestic material Is transparent, 
90 although it may be coloured. The light diffracting 
pattem, now on the surfacta neatest the substrate. Is 
visible through the transparent thermoplastic mate- 
rial as a reflection pattem. The three-dimensional 
effect of a hologram or the irridescent effect of a 
95 diffraction grating may be readily observed, through 
the thermoplastic nrrateriai. 

The process is particuiariy useful in the prepara- 
tion of documents of velue, since the resulting 
document with a hologram or diffraction grating is 

100 Impossible to make without the aid of expensive 
equipment The embossed surface, being beneath 
the outer thermoplastic layer. Is inaccessible. Also, 
the reflective layer and the themnoplastic layer, 
which constitute the foil remaining on the document 

105 or other substrate, are so thin that they are not 
seif-supportive. This foil can be as thin as 2DO0 A. 
Any attempt to remove It, so es to gain eccess to the 
embossed surface or to transfer it to a different 
substrate (document, etc), results In its destruction. 

110 The utility of tiie process and its product Is not 
limited to documents of value, but may be used in 
the production of trade marks or labela, for mmple, 
or in the preparation of any documentr or publica- 
tion, or other record, where a particuiariy unusual 

116 andattractiveeffectlsdesired. In the prior art, the 
embossing and transferring processes are per- 
formed simultaneously, whereas with the technlequ 
disclosed herein these operations are perfbmed 
separately. In certain prior art processes, the emtios- 

1 20 sing is carried out through a carrier layer, thus 

limiting the fineness of the embossed pattem to the 
point that the embossing of holograms would tKit be 
possible, whereas with the technique disclosed 
heroin there Is no Intervening layer. Such prior art 

1 25 processes result In an u nprotected embossed sur- 
face which la accessible for tampering, whereas the 
technique disclosed herein automatically creates a 
sealed light diffracting surface. 
The Invention will now be further described and 

130 illustrated by way of specific embodiments and with 
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reference to the aocompanying drawings. In whrch:* 

Figure 7 is a plan view of a document oif value 
carrying a hologram and a diffracdon gratfng pro- 
duced fn accordanoe with the invention. 
6 FIgutB 2 Is an end view of the document of Hgure 
1, showing the direction and angle of tilt used to 
view the hologram image contained in the docu- 
ment 

Figure J Is a diagrammatic view showing the 
10 direction and angle of tilt used to view the dHfracdon 
grating* 

Figure 4\» a fragmentary view of pare of the 
document of Figure 1 , tilted as in Rgure 3 to 
emphasize the diffraction grating more than the 

15 hologram. 

Figure 5 is a crofis-secdonal vTew showing a 
laminated sheet material used In the process of 
preparing the documents of Rgures 1 to 4, 
Rgura 6 iiruetrates the application of an emt>oe- 

20 sing die carrying a light interfisrence pattern to the 
upperl^ce of tiie laminated material of Rgure 5. 

Rgure 7 shows the material of Rgure 5 after the 
die has embossed a pattem theraon. 

Illustrates the process of fastening the 

2$ embossed laminated sheet material to a substrate by 
means of a stamping process. 

Figure 9 Illustrates, somewhat diagrammaticaiiy, 
an alternative process for forming an embossed 
laminated material. 

30 Figure 1 illustrates a document of value generally 
indicated as 1, having applied thereto a circular disc 
2 bearing a hologram containing an image of the 
shield 3 which appears to float In space behind the 
hologram surfece. The disc 2 also carries a dfffrac- 

35 tion grating 4, shown in the form of the numeral 20. 
it Is focused on the eurface of the holgrem and is 
shown in dotted lines. Both the hologram 3 and the 
diffractiongrating 4 are visible. However, at a 
particular angle of olisenration, (the angle of tilt A fn 

40 Rgure 2] the Image 3 is more sharply visible, so that 
the diffraction grating pattem 4 is shown In dotted 
tines. The Image 3 Is shown to appear behind the 
surface 1. 

By tilting the document sllghtiy about a horizontal 

45 axis, (Increasing angle A in Rgure 2 to B In Rgure 3), 
the diffraction grating 4 may become the predomi- 
nant visible feature and the components of the 
Image 3 tend to become less prominent, as shown in 
Rgure 2. Hence, the hologram 3 Is shown in dotted 

50 lines Tn Rgure 4. The images contained within the 
structure depicted In these figures may contain any 
of a variety of holographic Images. Also, It should t>e 
apparent that the seal shown hers need not be 
restricted to a circular configuration. 

65 The terms "horizontal" and "vertical" are used in 
the above description with reference to the docu- 
ment as shown In Rgure 1 . "Horizontal" being the 
long dimension of the document and "vertical" 
being the short dimension of the document 

GO Rgures 6 to 8 Illustrate one embodiment of a 
process for preparing tiie embossed hologram and 
attaching It to the document 

There Is first prepared a laminated structure 13 
comprising a support layer 5, which may be polyas- 
terand whldi may have a thidcness of one-half to 



one mil. The support layer Is covered by a release 
coat %, which may be a material vi^ich Is sharply 
sensitive to Increased heat, e.g., a suitable wax. Over 
the release coat thera is provided a layer of thermo- 
70 plastic material 6, which la less sensitive to heat, {.e^ 
has a higher melting pdnt than the release coat A 
second thermoplastic layer 7 Is placed on top of the 
layereand a layer of thin reflctivefoii 10, prefierabfy 
alumlniumr Is placed over the second thermoplastic 
76 layer and bonded thereto. 

Both of the thermoplastic layers may be transpa- 
rent The layer 6 Is chosen for its wear resistant 
properties since It will be the outside layer on the 
finished product A ^ngle layer thermoplastic layer 
80 may be used In place ofthe layers 6 and 7, If Its wear 
resistant properties are suitable. 

After the laminated material 1 3 of Rgure 5 Is 
prepared. It is placed under a die 11 having a die face 
12 formed as a surface relief hologram. This is 
85 shown in Rgure 6. Several methods of constructing 
a metal hologram embossing die are known In the 
art The die 1 1 1s pressed against the laminated 
material 13, thereby deforming the foil 10 and 
forming an embossment 13a in the laminated mate- 
90 rial, as shown In Rgure 7. 

The foil 10, Including the embossment 13a Is now 
covered with a hot melt adheshre layer 14. As shown 
In Rgure 8, the laminated mterial 13 is inverted and 
placed upon the sulratrate to which it Is to be 

95 sttsched, which may be the document ahown In 
Rgure 1 . The document may beer conventional 
printing, prefsrebly Intaglio. That printing !s prefer- 
ably applied before the process of the Invention Is 
carried out but may ahematively be done later. A 

100 pressure plate or stamping die (15 In Rgure 8) is then 
applied to the laminated materiel 13 superimposed 
on the paper 1 and is held against the lamfnatad 
material while appl^ng heat and pressure sufficient 
to cause adhesion of the laminated matsrial 13 to the 

105 paper 1 . The hot melt adhesh^e is absorbed into the 
pores of the paper 1 . The release coat 8 melts, 
allowing removal of the support layers. The outer 
layer is now the thermoplastic layer 6 or 7, both of 
which are transparent There Is produced on the face 

110 of document 1 a disc 2, having a hologram and a 
diffraction grating visible from its face asdescrltted 
In connection with Rgures 1 to 4w 

The precess d^cHbed above may be utilized for e 
single hologram, without an accompanying diffrac- 

115 tion grating, or It may be utilized for a diffraction 
gratfng without a hologram. It is also possible to use 
it for a plurality of holograms or a plurality of 
diffraction gratings. A mixture of plural hoigrams or 
plural diffraction gratings may be used. The perticu* 

1 20 iar Image which Is obsenfed at any time will depend 
upon the angle at which the document Is tilted by the 
viewer. 

Instead of using a metal foil 1 0 which Is bonded to 
the surface of the thermoplastic 6, one can deposit 

125 by vacuum deposition, or other methods, a thin layer 
of aluminium or other reflective material, onto the 
surface of the thermoplastic 6. Aitemathrely, this 
deposition may be carried out aflerthe emboasing 
step shon In Rgures 6 and 7, but before the 

130 eppiication of the adhashre shown as 14 in Rgure 8. 
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Another poBsf bility of producf ng tiie laminated 
material 13 containing a surface relief hoiogramr 
Involves casdngr ratherthan eonvantional emboa- 
aing. 

B The hologram laminated layers S, 7 and 10, which 
are retained on the document 1 , may be aa thin as 
2000 Angstrom units. This laminate should prefiar- 
ably be so delicate ^at the material will not hold 
together. If an attempt Ts made to transfer the 

to holographic seal from the document 1. 

Figure 9 illustratas an aftemative process for 
forming a laminated structure 30 corresponding to 
the structure 13 of Rgure 8 and impreasing a 
hologram upon it Rgure 8 shows a cylinder 21 

15 rotafing on a shaft 22.1116 cylinder 21 carrfes a 
hologram In rsiief on its outer surface. The hologram 
Is repeated at intervals about the periphery of the 
cylinder 21. 

Transparent material from a suitable supply 23 is 

20 fed through a nozzle 24 and is deposited as a fluent 
sheet 25 on the surface of the rotadng cylinder 21. A 
laminated web consisting of support layer 5 and 
release coat 6 Is fed from a suitable source over a 
guide roller 26 so that it engages the outer surface of 

25 ^e sheet 25. The cylinder 21 may be heated at the 
point of contact of the sheet 25 with the laminated 
web. The sheet 25 is fbrc^ into contact wfth the 
relief holograms on the sur^ce of cylinder 25. Part of 
the cylinder may be chllledi If necessary, before it 

30 reaches another guide roller 27 where the laminated 
material, now Indicated at 30, is removed to a 
suitable take-up reel (not shown). In effect, the sheet 
26 may be descrlt>ed as being cast t>etWTOn the die 
cylinder 21 and the laminated web Including the 

35 suiH)ort layer 5. The holograms are now impressed 
on the aheet of transparent material 25. The lamin* 
ated material 30 leaving the guide roller 27 differs 
from the mateHai of Figure 5 In that a single 
transparent layer 25 is used In place of the two 

40 transparent layere 6 and 7 of Rgure 5. 

A reflective surface, comparable to the fblH 0 of 
Rgure 5, may then be placed on the transparent 
material 26 bf depo^ng an aluminium coatthera- 
on, for example, by vapour deposition or sputtering. 

45 The laminated material of Rgura 9 Is then the 
equivalent of that shown in Rgure 8. 

The substrate may be paper or a suitable substi- 
tute for paper. For example, the polyethylene film- 
fi bril sheets shown In the U.S. Patent Specification 

50 No. 24731 8, may be used. Other suitable substrates 
may be employed, for example, rigid ptestlcseuch ae 
are used ior credit cards and the like. 

The contours of the embossments are shown aa 
rounded. The scale of the drawings Is greatly 

55 enlarged. It is difficult to the point of imposfilbllity to 
determine whether a particular peak or veiley In an 
actual structure is ahsrp or rounded. The rounded 
showing is believed to be correct 

60 CLAIMS 

1. A readable light diffracting record comprising 
a substrate and a transparent layer attached to the 
substrate and having its surface nearest the subs- 
65 trate reflecthre and fomned Into a light diffracting 



pattern. 

2. A readable record as claimed In claim 1 , 
wherein thd transparent layer Is attached to the 
substrate bye bond having a shear strength greater 

70 than the shear sfrength of the transparent layer. 

3. A readable record as claimed in claim 2, In 
which said trensparerst layer has a thickness of from 
1 to 10 microns. 

4. A readable record as claimed In claim 2 or 
75 claim 3, In which said transparent layer Includes a 

metaltle layer on Its reflective surface^ said metallic 
layer being less than 1^0 Angstroms thlckr and said 
light dHfracdng pattern Includes indentations f n said 
reflecthrasurfBce and said metalliciayar, at least part 
80 of saki indentations tming dfaieper than 1,000 Ang- 
strom units. 

5. A readable record as claimed in any one of 
claims 2 to 4> in which safd light diffracdng pattern 
comprises a iiologrem. 

85 6. A readable record as claimed in any one of 
claima 2 to 5, In which said light diffracting pattern 
oompriees a diffraction grating. 

7. A reedebie record as claimed In any one of 
claims 2 to 6r in which said sutistrate Is flexible and 

90 the record Is a document of vaiue, said transparent 
layer Is non-cohesive and thereby not removalile aa 
a unit from the substrate. 

8. A readable record as claimed In any one of 
claims 2 to 7, In which the transparent layer compris- 

85 B8 a relatively soft stratum nearest the substrate and 
a stratum t>f abrasion re^stant material covering 
said relatively softstratum. 

9. A readable record as claimed in claim 1 and 
substantially as hereinbefore described. 

100 10. A readable light diffracting recond substan- 
tially as hereinbefore described with referenceto 
and as illustrated In Rgures 1 to 4 of the accompany- 
ing drawings. 

11. A process for making a readable light diffract- 
105 Ing record comprising preparing a laminate material 

including a support layer and a transparent layer 
with the surface of said transparent layer most 
distant from the support layer reflective and formed 
into a light diffracting pattern, adhering said pat- 
1 1 0 temed reflective surface of the laminate material to a 
substrate, and removing the support layer.. 

12. A process for making a readable light diffrac- 
tion, pattern comprising preparing a sheet material 
Including a support layer and a transparent layer 

115 having one surface adjacent^eaupport layer and an 
opposing reflective surfece formed into a iigtit 
diffracting pattem,thereafteradhering the sheet 
material to a substrate with the formed reflective 
surface nearestthe substrater and separating the 

1 20 support layer from the transps rent Isyer. 

13. A process as claimed in ciaim 12, In which 
said transpsrent layer is non-self-supporting and the 
substrate Is supportive. 

14. A process as claimed In claim 1 2, In which the 
125 transparent layer is dlmensionally unstable unless 

supported and the substrate Is supportive. 

15. A pracess as claimed In any one of claims 1 2 
to 14, In which said preparing step Includes provid- 
ing a release cost between the support layer and the 

130 transparent layer. 
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IB. A process as claimed In any one of claims 12 
to 15, In which said adharfng step indudas providing 
a heat aeneltfve adheafve layer between the transpa- 
rent layer and the substrate. 
5 17. A process aa claimed In any one of dalma 12 
to 161 !n which aald adheting and separating steps 
are accomplTahed by applying heat and prasaure to 
the superimposed layera constftuted by tite sheet 
material and substrate to causa adhesion of the 
10 transparent leyerto the substrate and separatfon of 
the support layerfrom the transparent layer. 

18. A process as daTmed In claim 17, In which the 
heat Is applied to the side of the substrate opposite 
the side adjacent to the reflecting surface. 
15 1 9. A process as delmed In any one of dalms 1 2 
to 18, In which aald opposing reflective surface of the 
transparent layer is covered by a thin metallic layer, 

20, A process as claimed fn claim 19, In which 
said ^In metallic layer has a thickness of less tiian 
20 1,000 Angstrom unlta 

21 • A process as daimed In any one of claims 1 2 
to 20, In which said tra nsparant layer Is thermo- 
plastic 

22. A process as claimed In any one of dalms 1 2 
25 to 21, in which said transparent layer haa a thickness 

of less than 5,000 Angstrom units. 

23. A process as daimed in any one of dalms 12 
to 22, In whk^ In said preparing step the transparent 
layer Is applied to said support layer as a liquid and 

30 SMbsequently solidified. 

24. A process aa claimed in any one of dalma 12 
to 23^ In which the transparent layer remaining on 
the substrate after separation of the eupper layer has 
a thicknass of tarn 1 to 10 microns. 

35 25. A process aa daimed in any one of dalms 12 
to 24^ in which in said preparing step said reflective 
surface Is formed Into a light dlfhracting pattern by 
pressing the transparent layer against a die having a 
ligiitdlfrracUng pattern fn relief thereon. 

40 26. A process as claimed In any one of claims 1 2 
to 24, In which In aald preparing step said reflective 
surface Is formed into a light diffracting pattern by 
casting fluent transparent material between e die 
having a light dTfh^acting pattern In relief thereon and 

45 asupportiayerof relatively stiff material. 

27. A process of maldng a readable record com- 
prising preparing a die having a light diffracting 
pattern In relief in Its surface, preparing a pattern- 
recahring eheet material Induding a support layer 

50 and a layer cf transparem material overlying the 
support layer and reflective at its surface farthest 
from the support layer, forming the reflective surface 
to conform to the relief pattern of aald die, adhering 
the thue-confbrmed reflective surface of the sheet 

55 material to a substrate, and separating the support 
layer from the layer of transparent material. 

28. Aprocess for making a readable light diffract- 
ing record substantially as hereinbefore described. 

29. A process for making a readable light dlffract- 
60 Ing record aubstantlslly 88 hereinbefore described 

with reference to end as illustrated In Rgures 5 to 6 
or Hgures9 and 8 of the accompanying drawlnga. 

30. A document, e^. a aecurity document such 
as 8 banknote or credit card, which incorporates e 

65 readable light diffracting record ea daimed In any 



one of ddma 1 to 10, or a readable light dmtactfng 
record which hea been made by e process as 
claimed In clelm 1 1, claim 28 ortJalm 29, or a 
readeble light diffracting pattern which has been 
70 made by eProcess as daTmed in any one of dalms 
12 to 2€>, or 8 readable record which has been made 
by aprocesa as daimed in daim 27. 
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